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Neurobiology of neuropsychiatric 
symptoms in Alzheimer’s disease

A critical review with a focus on neuroimaging

Lyssandra dos Santos Tascone1, Cássio Machado de Campos Bottino1

Abstract. The objective of this critical review of the literature was to reveal the neural circuits involved in the occurrence 
of neuropsychiatric symptoms (NPS) in Alzheimer’s disease (AD) patients through the association of these symptoms with 
neuroimaging findings. The search for articles was performed on PUBMED from January 2000 to May 2013, using the 
key words: Dementia AND BPSD; Dementia AND Neuropsychiatric Symptoms; and Dementia AND Psychosis, Delusions, 
Hallucinations, Agitation, Depression, Anxiety, Apathy, Euphoria, Disinhibition, Irritability, Aberrant Motor Behavior, Sleep or 
Eating Disorders. Forty-six articles were reviewed and important contributions, especially regarding the psychopathological 
concepts discussed, were also considered even if not included in this time period. The available evidence suggests the 
three most relevant neurobiological models for neuropsychiatric symptoms in Alzheimer’s disease are the frontal-subcortical 
circuits, the cortico-cortical networks, and the monoaminergic system. We discussed the association of the individual 
symptoms or syndromes with these models. 
Key words: dementia, Alzheimer’s disease, neuroimaging, neuropsychiatric symptoms, BPSD.

Neurobiologia dos Sintomas Neuropsiquiátricos na Doença de Alzheimer: Uma revisão crítica com foco na 

neuroimagem

Resumo. O objetivo dessa revisão crítica da literatura é investigar os circuitos neurais envolvidos na ocorrência dos 
sintomas neuropsiquiátricos nos pacientes com doença de Alzheimer através da associação destes sintomas com achados 
de neuroimagem. A procura dos artigos foi feita no PUBMED de Janeiro de 2000 a Maio de 2013, usando as palavras-
chave: Demência E BPSD; Demência E Sintomas Neuropsiquiátricos; e Demência E Psicose, Delírios, Alucinações, Agitação, 
Depressão, Anxiedade, Apatia, Euforia, Desinibição, Irritabilidade, Comportamento Motor Aberrante, Distúrbios do Sono ou 
Apetite. Quarenta e seis artigos foram revisados e contribuições importantes, especialmente considerando os conceitos 
psicopatológicos discutidos, foram também discutidos, mesmo se não incluídos neste periodo de tempo. As evidências 
disponíveis sugerem que os três modelos neurobiológicos mais relevantes para os sintomas neuropsiquiátricos na doença 
de Alzheimer são os circuitos frontal-subcorticais, as redes cortico-corticais, e o sistema monoaminérgico. Nós discutimos 
a associação dos sintomas individuais ou síndromes com esses modelos. 
Palavras-chave: demência, doença de alzheimer, neuroimagem, sintomas neuropsiquiátricos, BPSD.

Introduction

The search for a better understanding and 
management of the BPSD or neuropsychi-

atric symptoms (NPS) in dementia includes 
unveiling the biological mechanisms associ-
ated with the emergence of these psycho-
pathological and behavioral manifestations. 

The occurrence of NPS in patients with Al-
zheimer’s disease (AD) can be explained in 3 

ways: [1] NPS represent an epiphenomenon 
of AD, or may be the result of the neurode-
generative process in AD; [2] NPS represent 
biologically different subtypes of AD, such 
as AD + psychosis or AD + mood disorder; 
[3] after a certain period of degeneration, 
genetic factors may be triggered and assume 
significance in the picture of atrophy of the 
AD brain.1
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There are no conclusive evidence about which rela-
tionship predominates, but several authors have recog-
nized that if the NPS dementia disorders originate from 
specific brain systems this would be, in some instances, 
independent of cognitive impairment.2-5

Independence between cognition and behavior was 
found in factor analysis in patients with AD, suggesting 
that different neurobiological systems may be impli-
cated in the pathogenesis of these two dimensions and 
possibly different treatment approach should be used.3

The presence of some clinical features of the NPS also 
supports the notion of independence between NPS and 
cognition. The features which suggest etiological inde-
pendence between NPS and cognition are: [1] not all pa-
tients with dementia exhibit NPS and NPS occur when 
the severity and duration are relatively different for each 
subject; [2] there is a discrepancy between the occur-
rence of NPS and linear decline in cognitive impairment.2

Additionally, other authors have reported negative 
findings regarding the association between NPS and 
medial temporal degeneration, suggesting that degen-
eration of the hippocampus and amygdala cannot be 
closely correlated with the emergence of NPS in AD as 
with cognitive decline.6-8

In a spectroscopy study, which sought to clarify the 
pathophysiology of NPSs in AD, the authors found the 
Mini-Mental State Examination (MMSE), “Clock Draw-
ing Test” (CDT) and “Story Recall Test” (SRT) to be 
positively correlated with NAA / Cr ratio and negatively 
correlated with mI / Cr ratio in the posterior cingulate 
gyrus, but not in the anterior cingulate gyrus. On the 
other hand, the scores obtained in two categories of the 
BEHAVE-AD scale – delusional disorders and activity 
– were negatively correlated with NAA / Cr and posi-
tively correlated with mI / Cr in the anterior cingulate 
gyrus, yet not in the posterior cingulate gyrus. From 
these findings, the authors concluded that the NPS and 
decline in cognitive function in AD patients might have 
different pathophysiologies.9

Although findings suggest independence between 
the global cognitive function and behavioral symptoms, 
undoubtedly specific cognitive impairments may con-
tribute to the onset or severity of specific NPS.1 This 
hypothesis has been supported by advances in neurosci-
ence that have established the presence of extensive and 
reciprocal neuronal connection between the epicenters 
of emotion and cognition.10 This theme, however, has 
not yet been extensively explored in the literature.

In the classic study of neuroanatomy, behavioral 
symptoms result from lesions in different, and some-
times distal, regions. This occurs because the regulation 

of many types of behavior and visceral activities do not 
depend on isolated proximal areas but rely on circuits 
that may involve very distal areas.10

In the present review of the literature, the objec-
tive was to present and discuss articles exploring the 
association of NPS in AD with neuroimaging findings. 
However, before understanding the neural circuits in-
volved in their manifestations, it seems to us crucial to 
first explore the neuropsychiatric symptoms, when pos-
sible within a unitary concept, where it would be more 
conducive to the understanding of the neurobiological 
phenomenon. 

The search for articles was performed on the 
PUBMED database, published from January 2000 to 
May 2013, using the keywords: Dementia AND BPSD; 
Dementia AND Neuropsychiatric Symptoms; and De-
mentia AND Psychosis, Delusions, Hallucinations, Agi-
tation, Depression, Anxiety, Apathy, Euphoria, Disinhi-
bition, Irritability, Aberrant Motor Behavior, Sleep or 
Eating Disorders. Forty-six articles were reviewed and 
important contributions, especially regarding the psy-
chopathological concepts discussed, were also consid-
ered even if not included in this time period. 

In the beginning of each section, we present a brief 
description of the psychopathological and/or behav-
ioral phenomena assessed in most articles with the NPI 
scale and their proposed neurobiological hypotheses. 
The following NPS items or domains were discussed: [1] 
Psychosis (including delusions and hallucinations); [2] 
Agitation; [3] Depression; [4] Anxiety; [5] Apathy; and 
[6] Euphoria, Disinhibition, Irritability, Aberrant Motor 
Behavior, Sleep and Eating Disorders.

Discussion
Psychosis. Psychosis in patients with AD includes the oc-
currence of delusions and hallucinations, but delusions 
occur more frequently than hallucinations.1,11

The phenomenological characteristics of delusions 
in AD comprise two major groups: persecutory delu-
sions and misidentification phenomena. The persecuto-
ry delusions are related to ideas of theft, loss, infidelity 
or abandonment.11-14 The misidentification phenome-
non was initially described as a shift in perception,12 but 
has been considered in the literature as a type of delu-
sion.14,15 Misidentification phenomenology is related to 
different concepts such as “phantom boarder” (real or 
imaginary person is living in your home), “mirror sign” 
(inability to recognize oneself in the mirror), “TV sign” 
and “picture sign” (inability to differentiate between TV 
and picture from reality), “Capgras” (caregiver has been 
replaced by an imposter), “not my house” (inability to 
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recognize one’s own home) and “deceased alive” (search 
for deceased relatives).11,13

Hallucinations, on the other hand, can be auditory 
or visual, but in most cases of AD are visual1.

The NPI scale, used in the majority of studies on 
dementia, involves both persecutory delusions and 
misidentification syndrome in the characterization of  
delusions. 

Psychosis, therefore, is a complex behavioral disor-
der that is probably not manifested due to a single brain 
defect. Changes in reality testing and abnormal infer-
ential thinking changes are also essential for psychosis. 
This disorder involves deficits in the internal monitor-
ing and executive process in abnormal understanding of 
relevance of emotional stimuli.16

The executive systems and self-monitoring networks 
of the anterior cingulate cortex (ACC) simultaneously 
operate specific sensory and associational networks, 
such as dorsolateral frontal and posterior parietal atten-
tional network, and the connection with subcortical nu-
clei such as the striatum. The cortical-subcortical circuit 
between ACC and striatum is responsible for coordinat-
ing the integration of emotional tone with the relevant 
executive processing. Dysfunction of this circuit could 
generate emotionally changed aberrant beliefs. In addi-
tion, dysfunction of the dorsolateral and medial frontal 
cortical network is associated with the occurrence of 
psychosis in AD.16 The frontal lobe processes that are 
relevant to episodic memory were also strongly corre-
lated with delusional memories and confabulations in 
the elderly.17

Moreover, the co-activation often observed between 
ACC and insula, through a variety of cognitive tasks, 
suggests a functional network involving these two re-
gions. Both functional and structural connectivity has 
been established between the insula and ACC, probably 
extending into the inferior frontal region.18 The insula, 
in turn, can be histologically and functionally divided 
into anterior and posterior portions. The anterior insula 
is involved in interoceptive stimuli processing, consti-
tuting a multisensory integrative high-level process. 
This integration of different qualities of our experience 
of the world creates the context for thoughts and ac-
tions.19 The posterior insula, on the other hand, also 
connected to the anterior insula, receives an interocep-
tive representation of the information, being crucial 
for the experience of self-awareness. Thus, the right 
posterior insula exerts a key role in the accumulation 
and release of instantaneous interoceptive information 
resulting in the perception of complex constructs such 
as the passage of time. Additionally, functional con-

nectivity has been demonstrated between the posterior 
insula and medial posterior cingulate region.20 The me-
dial posterior cingulate cortex, along with other cortical 
midline structures, play a crucial role in self-referential 
processing that favors the construction of the notion of 
self,21 consequently it could contribute to the formation 
of delusions.

Temporal structures also exert an important role in 
the genesis of psychotic symptoms. The misidentifica-
tion syndromes are related to changes in frontal areas,22 
and are also related to the involvement of the medial 
temporal lobe.22,23 The lateral temporal lobe pathology, 
on the other hand, especially the superior temporal cor-
tex which controls the representation of the behavior of 
others, could associate an everyday behavior to some-
thing threatening or emotionally significant.24 Thus, the 
superior temporal lobe pathology is related to disorders 
of thought, but it is important to remember its role in 
auditory processing and language related to the occur-
rence of auditory hallucinations.10

Secondary visual processing centers such as the lat-
eral temporal and occipital-parietal areas act in misiden-
tification syndromes.24 The presence of auditory and 
visual hallucinations in temporal limbic epilepsy also 
contributes to the understanding of the neural halluci-
nations, where changes in temporal lobe with extension 
to limbic structures contribute to the onset of this psy-
chopathological phenomenon.10

The presence of distortion of reality in psychosis is 
associated with functional alterations in lateral prefron-
tal cortex, striatum, in the superior temporal gyrus and 
parahippocampal region.25

From these data, we can summarize that, in AD pa-
tients, the brain areas involved in the pathogenesis of 
psychotic symptoms are the anterior cingulate cortex, 
the insula, and regions in the frontal, temporal, and 
parietal lobes, depending on which symptoms or syn-
dromes arise. 

Agitation. Agitation can be defined as an inappropriate 
verbal, vocal or motor activity that results directly from 
the individual’s needs or from a confusional state of the 
individual who manifests it.1

There are different characterizations of agitation. 
The Cohen-Mansfield Agitation scale, for example, clas-
sifies nonaggressive physically, non-verbally aggressive, 
physically aggressive or verbally aggressive behaviors as 
agitation.26 The NPI scale emphasizes the resistance to 
physical and verbal care.14 AD patients are often difficult 
to handle, becoming physically and verbally aggressive 
with their caregivers.
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The uniformity in the definition of agitation in AD 
studies is essential to facilitate the comparison of re-
sults and the proper investigation of the neurobiologi-
cal aspects associated with the clinical phenomenon. 
Depending on the study, agitation can refer to motor 
disorders including wandering, restlessness and other 
disorganized behavior, while the concept is also used to 
refer to verbal or physical abuse.27

Moreover, evidence from human studies suggests 
that the prefrontal cortex, hippocampus and ACC are 
the major components of the regulatory circuitry of 
aggression.27 Cortical areas such as the dorsolateral 
prefrontal cortex (DLPFC) and the orbitofrontal cortex 
(OFC) have been associated with emotions. The DLPFC 
and OFC receive input from sensory and limbic amyg-
dala and other medial temporal areas and integrate this 
information. Damage to these areas has an impact on 
processing of emotional behavior, resulting in problems 
with emotion regulation and subsequent difficulties 
with inhibitory and aggressive behavior.28

In AD, agitation is associated with executive dys-
function and more severe functional impairment,1 de-
veloping as a result of the interaction of neurobiological 
and environmental factors.29 Neuropathological studies 
have found a correlation between higher scores of agita-
tion and deposits of neurofibrillary tangles in bilateral 
OFC regions and ACC.29 Agitation was shown to be cor-
related with hypometabolism in frontal and temporal 
lobes in AD patients.29,30 Additionally, a functional study 
demonstrated temporal limbic cortical hypoperfusion 
was linked with aggression.31

In summary, these results suggest that the frontal 
region, the ACC and limbic areas are involved in the 
pathophysiology of agitation/aggression in AD.

Depression. Depression involves a number of emotional 
symptoms such as crying, sadness, anxiety, feelings of 
hopelessness, capital loss, and recurrent thoughts of 
death. Additionally, the picture is characterized by the 
presence not only of emotional symptoms, but also be-
havioral, cognitive and somatic symptoms. The tradi-
tional diagnosis of depression (DSM-IV) also includes 
one aspect of apathy.32 But this construct requires a dif-
ferent clinical approach in AD cases in which the assess-
ment of depression and apathy must be performed sep-
arately.15,32 In a comparison study of NPS in 5 different 
neurodegenerative disorders, including AD, the authors 
found no correlation between depression and apathy in 
154 patients and concluded that the diagnosis of apathy 
should be separated from depression.32

In the neurobiology of depression, the neural net-

works that regulate the aspects of normal emotional 
behavior have also been implicated in the pathophysiol-
ogy of affective disorders. The prefrontal cortex, limbic 
structures and related pallidal-striatal-thalamic struc-
tures organize emotional expression. Thus, the three 
circuits most relevant to depression are those incor-
porating regions of the OFC, ACC33,34 and DLPFC.33-35 
Orbitofrontal dysfunction could produce characteristic 
states of depression with reduced ability to interrupt the 
perseverative melancholic thoughts and the responses 
to ordinarily nonthreatening anxious stimuli. The ante-
rior cingulate cortex was involved in motivational and 
emotional information assessment and the regulation 
of emotional response in depression.36

The prefrontal cortex, particularly the dorsolateral 
and ventromedial sectors, has been the focus of in-
creased attention in relation to their involvement in 
the pathogenesis of depressive symptoms.35 Functional 
neuroimaging data suggests that an imbalance in the 
activity of the ventro-medial PFC (VMPFC) and the dor-
so-lateral PFC (DLPFC) may contribute to depression, 
with each of these structures having seemingly oppo-
site activity profiles . The VMPFC is hyperactive at rest 
and decreases in activity during remission of depressive 
symptoms, while the DLPFC is hypoactive at rest and 
increases in activity during remission.35

Consequently, the DLPFC and VMPFC apparently 
mediate different neurocognitive / neurobehavioral 
mechanisms. The VMPFC performs a basic function in 
the generation of negative emotion, and its activity is 
correlated with subjective experience of negative affect. 
An alternative possibility is that the VMPFC is related 
to self-awareness and self-reflection thus contribut-
ing to certain negative emotions such as guilt, shame, 
embarrassment and regret.35 The DLPFC, on the other 
hand, has been associated with executive functions 
such as manipulation and control of items in working 
memory, intention formation, goal-directed action, ab-
stract thinking and attention control. In addition, stud-
ies suggest that cognitive control functions mediated 
by DLPFC may also participate in emotion processing. 
Specifically, functional studies demonstrate the recruit-
ment of the DLPFC during regulation of negative emo-
tion through strategic reappraisal / suppression. If the 
revaluation / suppression of negative affect is a protec-
tive mechanism against depression, and DLPFC is the 
key neural substrate for this function, then the DLPFC 
plays a critical role in depression. Thus, a dysfunction 
in the regulation of negative affects due to DLPFC hy-
pofunction would be a plausible mechanism for the in-
volvement of this structure in depression.35
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The portions of the prefrontal cortex (PFC) involved 
in depression are part of a larger system called the “de-
fault system” which include the dorsal portion of the 
PFC, the middle and posterior cingulate cortex, the 
anterior temporal cortex, and parahippocampal and 
entorhinal cortex, allegedly involved in the functions of 
self-reference. This system has no substantial sensory 
connections but has prominent connections with the 
limbic system and visceral control structures (hypothal-
amus and periaqueductal gray).33 This system, called the 
visceromotor system, is involved in functions including 
introspective mood and emotion, and visceral reactions 
to emotional stimuli.33 The PFC and its related limbic 
structures, through the modulation of visceral control 
structures, may explain the disturbances of autonomic 
regulation and neuroendocrine responses that are asso-
ciated with mood disorders.33

In addition to the involvement of cortical-limbic cir-
cuitry described, the limbic-cortical-striatal-thalamic-
pallidum circuit, which supports the involvement of 
basal ganglia in depression, is associated not only with 
the pathophysiology of early-onset depression, but with 
the late onset depression.36 VBM studies in early-onset 
depression have shown reduced gray matter in the later-
al frontal lobe, anterior cingulate cortex, lateral and me-
dial temporal lobe, amygdala-hippocampus complex,37,38 
and insular cortex.38 In late-onset depression, studies 
show hippocampal,36,39,40 DLPFC,41 orbitofrontal cor-
tex,36,42 temporal lobe,36,42 bilateral precuneus and poste-
rior cingulate cortex atrophy.43 The findings of function-
al neuroimaging in AD also support the hypothesis of 
involvement of these structures in depression, since de-
pression was associated with hypoperfusion measured 
by PET in the anterior cingulate, prefrontal cortex,31,44 
upper and middle temporal cortices.44

Anxiety. The most common clinical form of anxiety in 
dementia is generalized anxiety disorder (GAD). Other 
symptoms include Godot syndrome in which the pa-
tient repeatedly asks questions related to an upcoming 
event, exhibit fear of being alone and wandering behav-
iors, rubbing of hands, fidgeting and humming.1,45 Few 
patients with AD and anxiety symptoms show all the di-
agnostic criteria for GAD in DSM.1,46,47 Thus, criteria for 
the differential diagnosis of anxiety in AD would be use-
ful. To this end, the diagnostic construct of anxiety in 
AD was validated in a study that evaluated 554 patients 
with probable AD. The criteria included symptoms of 
restlessness, irritability, muscle tension, fears, and re-
spiratory symptoms in the context of excessive anxiety 
and worry.47

With regard to how anxiety arises in the context of 
AD, several authors agree that anxiety is often associ-
ated with other neuropsychiatric symptoms such as de-
pression, psychosis, aberrant motor behavior, disinhibi-
tion, euphoria, irritability, and agitation.1,45,46

In view of the scant evidence regarding the neural 
mechanisms involved in AD anxiety, the neurobiological 
mechanisms of anxiety in healthy subjects and general-
ized anxiety disorder in adults could contribute toward 
better understanding this phenomenon in AD. Structur-
al changes in the medial orbitofrontal cortex and ACC 
seem to be related to the anxiety trait.48

The ACC has been implicated in the mechanism of 
fear extinction and emotion regulation. In addition, 
the ACC acts as a regulatory point between the DLPFC 
and amygdala, modulating the responsiveness of the 
amygdala.37 Consequently, the amygdala, the ACC and 
prefrontal cortex play a role in processing of fear in  
anxiety.48

Concerning results of studies on Generalized Anxi-
ety Disorder in adults, the presence of abnormalities in 
regions responsible for emotional processing and emo-
tional behaviors such as the amygdala, prefrontal cor-
tex and temporal lobe were found. There are structural 
neuroimaging findings that support this hypothesis, 
presenting results of anatomical abnormalities in the 
amygdala and temporal lobe, specifically the superior 
and middle temporal gyrus, in association with the di-
agnosis of Generalized Anxiety Disorder, and ACC.37

In a PET study, which sought to determine the rela-
tionship between anxiety and brain metabolism in 41 
patients with mild-moderate AD patients, the authors 
reported that higher anxiety scores in NPI were corre-
lated with hypometabolism in the bilateral entorhinal 
cortex, anterior parahippocampal gyrus, superior tem-
poral gyrus and left insula, unrelated to cognition.45

Currently, there is a lack of studies investigating the 
brain areas associated to anxiety in AD patients. Based 
on the results of studies in adults and a functional 
study with AD patients, anxiety is likely associated with 
changes in frontal, lateral and medial temporal lobe, in-
sula and the ACC.

Apathy. Apathy is defined as diminished motivation 
in affect, behavior and cognition, leading to a loss of 
responsiveness to stimuli evidenced by loss of self-
initiated behaviors, not attributable to decreased level 
of consciousness, cognitive impairment, or emotional 
distress.32,49 Its clinical manifestations are loss of inter-
est, motivation, volition, involvement, spontaneity and 
emotional behavior.50
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Clinical signs of apathy are a common feature of in-
jury or dysfunction in the prefrontal cortex and basal 
ganglia, one of the functional systems involved in the 
generation and control of self-generated goal-directed 
behavior.51 Of these structures, the anterior cingulate 
cortex seems to be a brain structure critical for the ini-
tiative, motivation, expression of affection and goal-
directed behavior.52

Considering the findings of functional studies and 
experimental data involving ventromedial PFC in de-
cision-making, a mechanism for reduced activation in 
goal-directed behaviors was proposed to explain the oc-
currence of apathy in AD. This mechanism is initiated 
by a dysfunction in the evaluation of the action, which 
is executed by the interaction of the prefrontal cortex, 
amygdala and ACC. This deficit compromises the proper 
transmission of the signal to the nucleus accumbens, 
determining the non-activation of dopaminergic mid-
brain ascending pathways, areas needed to engage the 
dorsal striatum. Consequently, the striatum becomes 
deficient in extracting the most appropriate response to 
be executed from the frontostriatal circuit.53

Additionally, structural neuroimaging studies report 
an association of apathy in AD with decreased gray mat-
ter volume in areas mentioned above such as the ACC 
bilaterally, frontal cortex bilaterally,1,4,50 putamen and 
head of the left caudate nucleus.4

Data reviewed suggest that cortical structures in-
volved in the pathophysiology of apathy in AD include 
the frontal cortex (prefrontal and orbitofrontal), ante-
rior cingulate cortex, amygdala and basal ganglia.

Euphoria, disinhibition, irritability, aberrant motor behavior, 
sleep and eating disorders. The research on the neurobiolo-
gy of these symptoms in AD is limited, probably because 
they are less frequent than the others,1 often associated 
with other NPS, or fail to show correlation with the neu-
robiological construct defined.

Disinhibition could be correlated with prefrontal 
cortex involvement, especially its ventromedial portion. 
Studies of brain lesions associated VMPFC damage with 
loss of self-insight, as well as a reducing negative affect, 
particularly shame, guilt, embarrassment and regret.35 
There is evidence of the association of reduced gray mat-
ter with bilateral disinhibition in ACC and right middle 
frontal gyrus in AD23 and decreased subgenual cingulate 
gyrus in FTD / semantic dementia.54 Furthermore, per-
sonality changes and emotional lability with disinhibi-
tion in dementia are evident in orbitofrontal-subcorti-
cal circuit dysfunction of the cortical portion.55

The irritability symptom has often been associated 

with other symptoms generating syndromes with dif-
ferent characteristics. It appears in hyperactivity syn-
drome with disinhibition, aberrant motor behavior,3 
agitation56,57 and euphoria57. However, irritability is also 
associated with the syndrome of psychosis and affective 
symptoms such as depression.58 Moreover, VBM stud-
ies have shown no association between this symptom 
and structural changes in AD or other dementias.4,23,54,59 
This evidence indicates this is a symptom without spe-
cific neurobiological substrates, which probably occurs 
overlapping with the neural correlates of other neuro-
psychiatric symptoms.

Regarding the presence of aberrant motor behavior, 
one study investigating the association between fron-
tal lobe function and activity disturbances (wander-
ing, aimless and inappropriate activities) showed that 
patients with AD and these behavioral symptoms had 
significantly lower performance on subtests of frontal 
functions (inhibitory control and verbal fluency). Ver-
bal fluency tasks also require the skill of well-organized 
retrieval from semantic memory and flexible behavioral 
adaptation to new situations. The aberrant motor be-
havior, including wandering or inappropriate activity, 
could be caused by an inability to react flexibly after a 
stimulus variable from the environment. Among pa-
tients with AD, in addition to changes in memory and 
visual-spatial deficits, loss of self-regulation executive 
functions could cause deficits in the ability to perform 
tasks efficiently, leading to wandering and inappropri-
ate or purposeless activity.60 Thus, one would expect to 
find structural changes in the frontal lobe.

Sleep disorders are common in AD and other demen-
tias. Disturbance of the sleep-wake cycle is the most 
prominent sleep disorder in AD.61 The sleep disorders in 
AD are associated with damage to the suprachiasmatic 
nucleus, although some of the pathogenesis of these 
disorders is known.62

In relation to eating disorders, decreased appetite is 
more common in AD.63 Thus, it is likely to occur in AD 
subsequent to involvement of structures of motiva-
tional control of appetite. Motivational control of ap-
petite in humans is influenced by intrinsic and extrinsic 
motivation. Intrinsic factors involve structures of the 
anterior cingulate cortex and its connected structures 
(amygdala, ventral striatum, hypothalamus, insula, and 
orbitofrontal cortex), such as the circuit of visceromo-
tor and endocrine associated functions activated in re-
sponse to starvation. The neural substrates of extrinsic 
factors comprise the amygdala and orbitofrontal cortex 
involved in the processing of the stimulus to promote 
appetite and subsequent production of goal-directed 
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behavior of finding and selecting a desirable food.64 Ad-
ditionally, studies show functional activation of ACC 
during a hunger state, volitional swallowing, as well as 
gustatory and olfactory processing. Thus, atrophy of 
brain regions intimately involved in food might contrib-
ute to altered signals in appetite which in turn contrib-
ute to the resulting weight loss seen in AD.65

For these individual symptoms, on which there is 
limited evidence of their neurobiological substrates, we 
can confirm the involvement of the frontal cortex, ante-
rior cingulate cortex and insula in the pathophysiologi-
cal process of NPS.4,23,54,59

In conclusion, the available evidence suggests that 
the three most relevant neurobiological models for 
neuropsychiatric symptoms in Alzheimer’s disease 
are the frontal-subcortical circuits, the cortico-cortical 
networks, and the monoaminergic system. The most 
relevant frontal-subcortical circuits in AD are the dorso-
lateral prefrontal, orbitofrontal, and anterior cingulate, 
circuits dedicated to executive functions, social behav-

ior, and motivational states in humans, respectively. 
Each circuit has a frontal component, a substrate of 
the basal ganglia and a thalamic component, returning 
to its original frontal connection. Regarding cortico-
cortical networks, one of these is the memory-emotion 
network whose epicenters are the hippocampus and the 
amygdala, which have extensive reciprocal connections 
conferring an intimate relationship between the pro-
cesses of memory and emotion. The general organiza-
tion of the monoaminergic system consists of cell bod-
ies of neurons producing serotonin, norepinephrine or 
dopamine. These neurons located in the brain diffusely 
project long axons to virtually all parts of the brain to 
mediate human behavior.

A better understanding of the neural correlates of 
each neuropsychiatric symptom and their related syn-
dromes in AD patients may help improve the manage-
ment of these problems in the future, leading to more 
specific medications and efficient non-pharmacological 
strategies for treatment. 

References
1.	 McIlroy S, Craig D. Neurobiology and Genetics of Behavioural Syn-

dromes of Alzheimer’s disease. Curr Alzheimer Res 2004;1:135-142.
2.	 Shinosaki K, Nishikawa T, Takeda M. Neurobiological basis of behav-

ioral and psychological symptoms in dementia of the Alzheimer type. 
Psychiatry Clin Neurosci 2000;54:111-620.

3.	 Spalletta G, Baldinetti F, Buccione I, et al. Cognition and behaviour are 
independent and heterogeneous dimensions in Alzheimer’s disease.  
J Neurol 2004;251:688-695.

4.	 Bruen PB, McGeown WJ, Sanks MF, Venneri, A. Neuroanatomical cor-
relates of neuropsychiatric symptoms in Alzheimer’s Disease. Brain 
2008;131:2455-2463. 

5.	 Casanova MF, Starkstein SE, Jellinger KA. Clinicopathologic correlates 
of behavioral and psychological symptoms of dementia. Acta Neuro-
pathol 2011;122:117-135.

6.	 Petersen RC, Jack CR Jr, Xu YC, et al. Memory and MRI-based hippo-
campal volumes in aging and AD. Neurology 2000;54:581-587.

7.	 Horinek D, Petrovicky P, Hort J, et al. Amygdalar volume and psychiatric 
symptoms in Alzheimer’s disease: an MRI analysis. Acta Neurol Scand 
2006;113:40-45.

8.	 Berlow YA, Wells WM, Ellison JM, Sung YH, Renshaw PF, Harper DG. 
Neuropsychiatric correlates of white matter hyperintensities in Alzheim-
er’s disease. Int J Geriatr Psychiatry 2010; 25:780-788.

9.	 Shinno H, Inagaki T, Miyaoka T, et al. A decrease in N-acetylaspartate 
and an increase in the anterior cingulated gyrus are associated with be-
havioral and psychological symptoms in Alzheimer’s disease. J Neurol 
Sci 2007;206:132-138. 

10.	 Mesulam M. Principles of behavioral neurology. In: Behavioral neuro-
anatomy: large-scale networks, association cortex, frontal syndromes, 
the limbic system, and hemispheric specializations. New York: Oxford 
University Press; 2000:1-120.

11.	 Ismail Z, Nguyen M-Q, Fischer CE, Schweizer TA, Mulsant BH, Mamo 
D. Neurobiology of Delusions in Alzheimer’s Disease. Curr Psychiatry 
Rep 2011;13:211-218. 

12.	 Burns A, Jacoby R, Levy R. Psychiatric phenomena in Alzheimer’s 
disease. I: Disorders of thought content. Br J Psychiatry 1990;157: 
72-76.

13.	 Nakatsuka M, Meguro K, Tsuboi H, Nakamura K, Akanuma K, Yama-
guchi S. Content of delusional thoughts in Alzheimer’s disease and as-
sessment of content-specific brain dysfunctions with BEHAVE-AD-FW 
and SPECT. Int Psychogeriatr 2013;25:939-948.

14.	 Reeves SJ, Goulda RL, Powell JF, Howard RJ. Origins of delusions in 
Alzheimer’s disease. Neurosci Biobehav Rev 2012;36:2274–2287.

15.	 Cummings JL, Mega M, Gray K, Rosenberg-Thompson S, Carusi 
DA, Gornbein J. The neuropsychiatric inventory: comprehensive as-
sessment of psychopathology in dementia. Neurology 1994;44:2308- 
2314. 

16.	 Mega MS, Lee L, Dinov ID, Mishkin F, Toga AW, Cummings JL. Cere-
bral correlates of psychotic symptoms in Alzheimer’s disease. J Neurol 
Neurosurg Psychiatry 2000;69:167-171.

17.	 Lee E, Meguro K, Hashimoto R, et al. Confabulations in episodic mem-
ory are associated with delusions in Alzheimer’s disease. J Geriatr Psy-
chiatry Neurol 2007;20:34-40.

18.	 Palaniyappan L, Balain V, Liddle PF. The neuroanatomy of psychotic 
diathesis: A meta-analytic review. J Psychiatr Res 2012;46:1249-1256.

19.	 Palaniyappan L, Liddle PF. Does the salience network play a cardi-
nal role in psychosis? An emerging hypothesis of insular dysfunction.  
J Psychiatry Neurosci 2012;37:17-27.

20.	 Palaniyappan L, Mallikarjun P, Joseph V, Liddle PF. Appreciating symp-
toms and deficits in schizophrenia: Right posterior insula and poor in-
sight. Prog Neuropsychopharmacol Biol Psychiatry 2011;35:523-527.

21.	 Northoff G, Heinzel A, de Greck M, Bermpohl F. Self-referential pro-
cessing in our brain. A meta-analysis of imaging studies on the self. 
NeuroImage 2006;31:440-457.

22.	 Ismail Z, Nguyen M-Q, Fischer CE, Schweizer TA, Mulsant BH. Neuro-
imaging of delusions in Alzheimer’s disease. Psychiatry Res: Neuroim-
aging 2012;202:89-95.

23.	 Serra L, Perri R, Cercignani M, et al. Are the Behavioral Symptoms of 
Alzheimer’s Disease Directly Associated with Neurodegeneration? J Al-
zeimers Dis 2010;21:627-639.

24.	 Whitehead D, Tunnard C, Hurt C, et al. Frontotemporal atrophy associ-
ated with paranoid delusions in women with Alzheimer’s disease. Int 
Psychogeriatr 2012;24:99-107. 

25.	 Blackwood NJ, Howard RJ, Bentall RP, Murray RM. Cognitive neuro-
psychiatric models of persecutory delusions. Am J Psychiatry 2001; 
158:527-539.

26.	 Cohen-Mansfield J, Marx M, Rosenthal A. A description of agitation in a 
nursing home. J Gerontol 1989;44:M77-M84. 

27.	 Pinto T, Lanctôt L, Herrmann N. Revisiting the cholinergic hypothesis of 
behavioral and psychological symptoms in dementia Alzheimer’s type. 
Ageing Res Rev 2011:10;404-412



Dement Neuropsychol 2013 September;7(3):236-243

243Tascone LS, Bottino CMC        Neurobiology of AD neuropsychiatric symptoms

28.	 Lane SD, Kjome KL, Moeller FG. Neuropsychiatry of Aggression. Neurol 
Clin 2011;29:49-64.

29.	 Tekin S, Mega MS, Masterman DM, et al. Orbitofrontal and Anterior Cin-
gulate Cortex Neurofibrillary Tangle Burden Is Associated with Agitation 
in Alzheimer Disease. Ann Neurol 2001;49:355-361.

30.	 Cummings J. Cognitive and behavioral heterogeneity in Alzheimer’s 
disease: seeking the neurobiological basis. Neurobiol Aging 2000;21: 
845-861.

31.	 Hirono N, Mori E, Ishii K, et al. Frontal lobe hypometabolism and de-
pression in Alzheimer’s disease. Neurology 1998;50:380-383.

32.	 Levy ML, Cummings JL, Fairbanks LA, et al. Apathy is not depression. 
Neuropsychiatry Clin Neurosci 1998;10:314-319.

33.	 Drevets WC, Price JL, Furey ML. Brain structural and functional ab-
normalities in mood disorders: implications for neurocircuitry models of 
depression. Brain Struct Funct 2008; 213:93-118. 

34.	 Naismith SL, Norrie LM, Mowszowski L, Hickie IB. The neurobiology of 
depression in later-life: Clinical, neuropsychological, neuroimaging and 
pathophysiological features. Prog Neurobiol 2012;98:99-143.

35.	 Koenigs M, Grafman J. The functional neuroanatomy of depression: 
Distinct roles for ventromedial and dorsolateral prefrontal cortex. Behav 
Brain Res 2009;201:239-243.

36.	 Andreescu C, Butters MA, Begley A, et al. Gray Matter Changes in Late 
Life Depression - a Structural MRI Analysis. Neuropsychopharmacology 
2008;33:2566-2572. 

37.	 Van Tol MJ, van der Wee NJA, van den Heuvel OA, et al. Regional Brain 
Volume in Depression and anxiety disorders. Arch Gen Psychiatry 2010; 
67:1002-1011.

38.	 Sprengelmeyer R, Steele D, Mwangi D, Kumar P. The insular cortex 
and the neuroanatomy of major depression. J Affect Disord 2011;133: 
120-127.

39.	 Steffens DC, Byrum CE, McQuoid DR, et al. Hippocampal Volume in 
Geriatric Depression. Biol Psychiatry 2000;48:301-309.

40.	 Ballmaier M, Narr KL, Toga AW, et al. Hippocampal Morphology and 
Distinguishing Late-Onset From Early-Onset Elderly Depression. Am J 
Psychiatry 2008;165:229-237. 

41.	 Chang CC, Yu SC, McQuoid DR, et al. Reduction of dorsolateral pre-
frontal cortex gray matter in late-life depression. Psychiatry Res 2011; 
193:1-6. 

42.	 Ballmaier M, Sowell ER, Thompson PM, et al. Mapping Brain Size and 
Cortical Gray Matter Changes in Elderly Depression. Biol Psychiatry 
2004;55:382-389.

43.	 Lim HK, Jung WS, Ahn KJ, et al. Regional cortical thickness and sub-
cortical volume changes are associated with cognitive impairments in 
the drug-naive patients with late-onset depression. Neuropsychophar-
macology 2012;37:838-849.

44.	 Lopez OL, Zivkovic S, Smith G, et al. Psychiatric symptoms associated 
with cortical-subcortical dysfunction in Alzheimer’s disease. J Neuro-
psychiatry Clin Neurosci 2001;13:56-60.

45.	 Hashimoto H, Monserratt L, Nguyen P, et al. Anxiety and regional corti-
cal glucose metabolism in patients with Alzheimer’s disease. J Neuro-
psychiatry Clin Neurosci 2006;18:521-528.

46.	 Porter V, Buxton W, Fairbanks LA, et al. Frequency and Characteristics 
of Anxiety among patients with Alzheimer’s disease and disorders re-
lated. J Neuropsychiatry Clin Neurosci 2003;15:180-186.

47.	 Starkstein SE, Jorge R, Petracca G, Robinson R. The Construct of Gen-
eralized Anxiety Disorder in Alzheimer Disease. Am J Geriatr Psychiatry 
2007;15:42-49.

48.	 Kühn S, Schubert F, Gallinat J. Structural correlates of trait anxiety: Re-
duced thickness in medial orbitofrontal cortex accompanied by volume 
increase in nucleus accumbens. J Affect Disord 2011;134:315-319.

49.	 Marin RS. Differential diagnosis and classification of apathy. Am J Psy-
chiatry 1990;147:22-30.

50.	 Apostolova LG, Akopyan GG, Partiali N, et al. Structural Correlates 
of Apathy in Alzheimer’s Disease. Dement Geriatr Cogn Disord 2007; 
24:91-97. 

51.	 Levy R, Dubois B. Apathy and the Functional Anatomy of the Prefrontal 
Cortex--Basal Ganglia Circuits. Cereb Cortex 2006;16:916-928.

52.	 Shackman AJ, Salomons TV, Slagter HA, Fox AS, Winter JJ, Davidson 
RJ. The integration of negative affect, pain and cognitive control in the 
cingulate cortex. Nat Rev Neurosci 2011;12:154-167. 

53.	 Guimarães HC, Levy R, Teixeira AL, Beato RG, Caramelli P. Neurobi-
ology of apathy in Alzheimer’s disease. Arq Neuropsiquiatr 2008;66: 
436-443.

54.	 Rosen HJ, Allison SC, Schauer GF, Gorno-Tempini ML, Weiner MW, 
Miller BL. Neuroanatomical correlates of behavioural disorders in de-
mentia. Brain 2005;128:2612-2625.

55.	 Tekin S, Cummings JL. Frontal-subcortical neuronal circuits and clinical 
neuropsychiatry: an update. J Psychosom Res 2002;53:647-654.

56.	 Hollingworth P, Hamshere ML, Moskvina V, et al. Four Components 
Describe Behavioral Symptoms in 1,120 Individuals with Late-Onset 
Alzheimer’s Disease. J Am Geriatr Soc 2006; 54:1348-1354. 

57.	 Aalten P, Verhey FRJ, Boziki M, et al. Neuropsychiatric syndromes in 
dementia Results from the European Alzheimer Disease Consortium: 
part I. Dement Geriatr Cogn Disord 2007;24:457-463.

58.	 Lyketsos CG, Sheppard JME, Steinberg M, et al. Neuropsychiatric dis-
turbances in Alzheimer’s disease clusters into three groups: the cache 
county study. Int J Geriatr Psych 2001;16:1043-1053.

59.	 Schroeter ML, Vogt B, Frisch S, et al. Dissociating behavioral disorders in 
early dementia-An FDG-PET study. Psychiatry Res 2011;194:235-244.

60.	 Nagata T, Shinagawa S, Ochiai Y, et al. Relationship of frontal lobe dys-
function and aberrant motor behaviors in patients with Alzheimer’s dis-
ease. Int Psychogeriatr2010;22:463-469.

61.	 Robert PH, Verhey FRJ, Byrne EJ, et al. Grouping for behavioral and 
psychological symptoms in dementia: clinical and biological aspects. 
Consensus paper of the European Alzheimer disease consortium. Eur 
Psychiatry 2005;20:490-496.

62.	 Lyketsos CG, Kozauer N, Rabins PV. Psychiatric manifestations of neu-
rologic disease: where are we headed? Dialogues Clin Neurosci 2007; 
9:111-124.

63.	 Ikeda M, Brown J, Holland A J, Fukuhara R, Hodges JR. Changes in 
appetite, food preference, and eating habits in frontotemporal demen-
tia and Alzheimer’s disease. J Neurol Neurosurg Psychiatry 2002;73: 
371-376. 

64.	 Hinton EC, Parkinson JA, Holland AJ, Arana FS, Roberts AC, Owen 
AM. Neural contributions to the motivational control of appetite in hu-
mans. Eur J Neurosci 2004;20:1411-1418.

65.	 Smith KL, Greenwood CE. Weight Loss and Nutritional Considerations 
in Alzheimer Disease. J Nutr Elder 2008;27:381-403.


